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DAVYDOV SOLITONS ON ALPHA-HELIX PROTEIN

Alwyn C.

Sce

Center for Nonlinear Studiew
Los Alamor National Laboratory

Los Alamos,

ABSTRACT

Some results ire reported from a nu-
merical and theoretical study of solitons
on aipha-helix protein. The threshold
level ~f non-linecarity for soliton forma-
tion is equal to the value obtained for
this parameter from SCF calculations.
Furthermore the soliton displays a spec-
trur of internal vibrations that is in
agreeuent with riceat laser-Raman
deasuremen‘s.

INTRODUCTION

A soliton (Scott, et al., 1973) is
an essentially nonlinear object that
maintains dynamic intcgrity by balancing
the effects of nonlinecarity against thosec
of dispersion. To date most of the soli-
ton systews discovered by applied mathe-
maticiar: have been of one space dimen-
sion. Thus we are tempted to ask:
Where in the phvsical world does one find
one dimensional systems that display hoth
nonlincarity and dispersion? The answer
is» obvious: Polymers are a natural
theater in which to scek rceal physical
(or chemical or biochemical) solitons.
Recent developrents support this surmise.
Simple polymers such as polyactylene (Su
and Schricffer, 1980) arce now being cx-
tensively studied both theoretically and
cxperimentally by solid-state physicists
to understand the effects of solitons on
" physical properties. Turning to biologj-
cal polymers, the prospect becomes even
mere exciting. The presence of a topo-
logical soliton {n deoxyribonuclelr acid
has been inferred to explain deutcration
rates by Englander et 1. (:980); rils
ct al. (198]) nave proposed a general
model for biological solitons; and the
tails of both chlorophyll and rhodopsin
are essentially polyacetyilence.

DAVYDOV'S ALPHA-HELIX SOLITON

Perhaps the carliest suggestion for
a "polyuer soliton" was made by Davydov
(1979 a,b) to explain tone storage and
transport of cnergy it biological sys-
tems. He has concentiated his attention
upon the alpha-helix protein and hés cho-
sen the relatively isolated amide-1 (or
C=0 "stretch") vibration as the "basket"
in which energy is carried. According to
a4 linear analysis, encrﬁy transported by
this mcars should spread out from the cf-
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fects of dispersion and rapidly become
disorganized and lost as a source for
biclogical mechanisms. But in the non-
linear analysis of Davydov, propagation
of amide-1 vibrarions is .etroactively
coupled to longitudinal sound waves of
the alpha-helix, and the coupled excita-
tion propagates as a localized and dynam-
ically sclf-sufficient entity (the soli-
ton). The amide-1 vibrations generate
longitudinal sound waves which, in turn,
provide a potential well that prevents
vibrational dispersion; thus the solilon
holds itself togecther.

THE LASER-RAMAN SPECTRUM
OF A DAVYDOV SOLITuN

A recent survey of laser-Raman spec-
troscopy of living cells (Webb, 1980)
reveals, among many others, ‘he follow-
ing facts: i) At 300°K a Raman specirum
is obscrved only when cells arce metaboli-
cally active, ii) The intensity ratios
of Stokes to anti-Stokes lines indicate
that the Raman active states are produced
in vivo by non-thermal means, and iii)

Spectral lines below 300 en”! shife to
Jower frequencies as the cells progress
through their life cycles. A particular
spectrum of K. co'i [taken from Fig. 7
of (Weblb, 1980)] shows the following
linces between 30 and 200 cm l:

TABLE 1

Line_ o cw”!
4"
92
63
8
90

108

123

152

142

WESO NN -

Previous numerical studies (Hyman,
et al., 198]1) have shown that the anhar-
munic character of a real alphachelix
has the proper order of magnitude to sup-
port Davydov solitons. Recently this nu-
mevical model has been pade more precise
through the following modifications: 1)
Ten additional dipole-dipole coupling
terms have been included to make the
threshold for soliton formation insensi-



tive to the number of such terms, ii)
The dyramical equations were modified to
reflect the true helical symmetry, and
iii) The linear restoring force of the
longitudinal hydrogen bonds was taken to
be the value (2] newtons/meter) obtained
by Kuprievich and Kudritskaja from SCF
calculations (private communication).
The critical nonlinear parsmeter in the
model is X1 the change in energy of an

Amide-]1 bond per unit extension of a cor-
responding longitudinal hydrogen bond.

A summary of numerical results is
displayed in Fig. 1. Here the ordinate
("BOND ENERGY") is the amide-1 occupation
probability plotted against unit cell
number at a particular value of time for
various values of X1 between 0 and

0.8x10" 10 newtons. It is interesting
to note that a soliton forms a! jusl the

value (. = .34x10'10 ncwtons) that

Kuprievich and Kudritskaja have computed.
To appreciate the jinternal dynamics of a
soli:on consider Fig. 2. Here, in addi-
tion to total amide-]l occupation prob-
ability at each unit cell, is plotted
also components along the three "spines"
(etc. N-C:0---N-Cz=0---ctc.) that run
longitudinally along the helix. An
interspine oscillation is clearly ob-
served with a period which corresponds

to a physicai time, Ty = 2x10° 14 seconds.

A shorter oscillaticn, also seen from
Fig. 2, i5 caused by intcraction of the
soliton with the fundamental periodicity
of the unit cell. The period of this os-

cillation is T2=g x10°13 geconds.  Raman
lines should be expected at energices
By o= 17 ca”!
E, = 125 e !

correnponding to these two periods and
their sums and differences. Taus the
followinyg tuble is readily constructed.

TABLE 11

Line_# Structure em™?
1 2Hl 34
2 3H1 51
3 4k 68
4 551 85
5 E%-BEI 91
6 E, by 108
7 H2 125
8 H20251 159
9

E2+3E1 176

Comparison of the measured lines in
Table 1 with those calculated ir Table 11
reveals a striking similarity. It should

b2 emphasized that the periands T1 and Tz

were computed before the present autho:
was aware of the measurements recorded

in Table 1. Furthermore the tendency

of such spectral lines to shift to lower
wave numbers as cells progress through
their life cycles is gracefully explained
by assuming that sclitons move more
slowly as a cell ages.

CONCLUSION

Laser-Raman spectroscopy of meta-
bolically active cells provides evidence
that alpha-helix solitons play a func-
tional role in life processes (Scott,
1981).

REFERENCES

Bilz, H., et al.

81 "Electret model for the col-
lective beliavior of biological
systems." 2. Naturforsch, 36b:
208-212.

lz
19

Davvdov, A. S.
1979a "Solitons in molecular systems
with applications in biology.™
Physica Scripta 20:387.

Davydov, A. S.

1979b "Solitons, bioenergetics and
the mechanism of muscle
contraction.”" Int. J. of
Quantum Chem., 1%:5-17.

Englander, §. W., et al.

1980 "Nature of the open state in
long polynucleotijde double
helices: Possibility of soli-
ton excitation.:." Proc. Natl,
Acad. Sci. (USA), 77:7222-7226.

Hyman , J. M., et al.
1981 "On Davydov's alpha-helix
solitons." Physica 3D:23-24

Scott, A. C., et al.
1973 "The soliton: a new concept
in applied science.”"  Proc,
1EEE 61:1443-1483.

Scott, A, C. )
1981 "The lager-Rawman spectrum of o
Davydov soliton." Phys, Lett.
A (to appear).

Su, W. P. and J. R. Schricffer
1980 "Setton dynamics in poly-
ace:ylene. " Proc. Natl. Acad.
Sci. (USA) 77:50626-50629.



Webb, S. J.
1980 "Laser-Kaman spectroscopy of

living cells." Physics
Reports 60:201-274.
Author:

Alwyn C. Scott

Center for Nonlinear Studies
Mail Stop 457

Los Alamos National Laboratory
Los Alamos, NM 87545



)

2
(=}
W

<
N

BOND ENERGY ( ¥|an,|
o

D?‘“\( 05
ﬂo\“"&' 08—
03 s |
- .2 e MW\, ~
o i

0O S0 100 150 200

UNIT CELLS (n)

Fig. 1. Plots of boad occupation probability vs.

unft cell for several

values of the nonlinearity paradeter X3 (x10-10 pewrons) at

computer time T=400.

The computation was begun with one quantum

in cach cf the first t=wo unit cells at T=0
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Fig. 2. Sketch of numerical calculac
of an alpha solicon.

loas showin
and xj = 0.4x10-10

g the internal dvnamlcsa
The tnictal conditions are as in Fig. 1
newtons.

ak



